In this study, stacking sequence optimization of composite beams with different layer thicknesses is investigated for various boundary conditions. A unified shear deformation theory is used for analytical solution. The optimization process is carried out in order to obtain the minimum deflection parameters for Clamped-Free (C-F), Clamped-Clamped (C-C) and simply supported (S-S) boundary conditions under a uniform distributed load by use of genetic algorithm for a specific number of population and generation. Finally, among all possible combinations of layer thicknesses, the one giving the minimum deflection parameter and corresponding stacking sequence is chosen. The minimum values and corresponding stacking sequences are presented for different boundary conditions.
INTRODUCTION
Composite materials have gained popularity in modern structures where light-weight and high strength are sufficient to carry various loading types for different boundary conditions. Because of high elasticity modulus and strength, composite materials are more popular than any conventional materials, besides, the advantage of being designed with many parameters such as stacking sequence, layer thicknesses, material and geometrical properties, structures can be designed effectively in order to satisfy the desired mechanical properties. Walker and Smith [1] studied the ending analysis of laminated composite plates by minimizing a certain fitness function with genetic algorithm (GA). Due to the manufacturing constraints, they chose the sets of values from the ply angles and layer thicknesses. Conti et al. [2] described a method to optimize the thickness balance within a composite laminate with layers oriented according to a limited set of angles and used a finite element method in optimization process. Lee et al. [3] , used a parallel evolutionary algorithm in multi-objective optimization of the stacking sequences in composite plates by choosing fiber type, thickness and orientation angles as design parameters for each layer. Brighenti [4] , investigated the optimum fiber orientation of fiber reinforced composite materials in order to optimize a certain fitness function by use of GA. Khosravi and Sedaghati [5] , considering the thickness of layers and fiber orientation angles as the design variables, presented two optimality criteria for optimum design of composite laminates using a finite element method. In the study, stacking sequence optimization of composite beams with different layer thicknesses is investigated for various boundary conditions. In the static analysis, a unified shear deformation beam theory is used which was first applied to composite shells by Soldatos and Tımarcı [6] . Initially, the layer thicknesses are generated so as to satisfy the total thickness of a four-layered composite beam. After the layer thicknesses are set, a random initial population of stacking sequences are used and evolved in each generation in order to obtain the minimum deflection parameter. Finally, among all the possible combinations of layer thicknesses, the one that has the minimum deflection parameter and corresponding stacking sequence is presented.
ANALYTICAL METHOD
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Optimization Method
Considering too many design parameters in an optimization problem will bring abou solutions attendantly. Thus, instead of using the whole possible solutions and optimum, using an evolutionary technique in the optimization process would be Genetic algorithm is widely used in the design of laminated composite structures many variables and different fitness functions. To solve the complex optimization pr use of conventional optimization techniques can be difficult in many fields. Genetic (GA) is an evolutionary optimization technique using Darwin's principal of surv fittest to improve a population of solutions [9] . The algorithm is generally based selection, crossover and mutation which are also called as the genetic operators sequences are the design variables that consist of fibre orientation angles ( ( ) represents the number of layer. Therefore, the optimization problem may be w standard form such as:
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OPTIMIZATION METHOD
Considering too many design parameters in an optimization problem will bring about too (6) many solutions attendantly. Thus, instead of using all the possible solutions and obtain the optimum, using an evolutionary technique in the optimization process would be inevitable. Genetic algorithm is widely used in the design of laminated composite structures that have many variables and different fitness functions. Solving complex optimization problems by the use of conventional optimization techniques can be difficult in many fields. Genetic algorithm (GA) is an evolutionary optimization technique using Darwin's principal of survival of the fittest to improve a population of solutions [9] . The algorithm is generally based on natural selection, crossover and mutation which are also called genetic operators. Stacking sequences are the design variables that consist of fibre orientation angles (θ (k) ) where k represents the number of layer. Therefore, the optimization problem may be written in a standard form such as:
he problem considered in the study is to optimize the stacking sequences of laminated composite beam in order to obtain the minimum deflection parameter among all possible combinations of layer thicknesses for various boundary conditions. In Figure 2 , the cross-section of composite beam with the same and various layer thicknesses satisfying the total thickness of are presented respectively.
The flowchart of genetic algorithm used in the study is illustrated in Figure 3 . After an initial population of stacking sequences is generated, they are ranked from minimum to maximum with corresponding deflection parameters. New individuals representing the stacking sequences are generated by crossover so as to swap one or two fiber orientation angle of two consecutive stacking sequences and the genetic diversity from one generation to another is maintained by mutation, altering one random fiber orientation angle of a random stacking sequence in each generation.
RESULTS AND DISCUSSION
The composite beam is assumed to be constructed of graphite/epoxy and under a uniform distributed load where q(x) = 1000 N/m, a length of L = 1 m and thickness of h = 0,02 m and the mechanical properties of graphite/epoxy are given as [10] :
E 11 = 241.5 GPa, E 22 = E 33 = 18.89 GPa G 23 = 3.45 GPa, G 12 = G 13 = 5.18 GPa (8) υ 23 = 0.25, υ 12 = υ 13 = 0.24
In Table 1 , the minimum deflection parameters and corresponding stacking sequences are presented for various layer thicknesses and boundary conditions. The first term in layer thicknesses and stacking sequences indicates the first layer at the bottom of the beam where the last indicates the one at the top. There may be too many possible combinations of layer thicknesses for a composite beam depending on the variation and the number of layers. For instance, in a four layered beam, although there is only one combination for a variation of 0.25 h, there are 84 possible combinations for a variation of 0.1 h. Since there are more possible combinations of layer thicknesses with a variation of 0.1 h, the minimum deflection parameters are obtained for this case in all boundary conditions. In Figure 4 , Figure 5 and Figure 6 , the variation of deflection parameters with respect to the number of generation for C-C, C-F and S-S boundary conditions are presented respectively. The algorithm is carried out for a population of 100 individuals and a number of generation of 50 in order not to stuck in a local minimum. The combination of layer thicknesses (LT), satisfying the total thickness of the beam together, are considered for three cases. In LT1, the layer thicknesses are obtained for a variation of 0.25 which correspond to four layers with a same thickness of 0.25 h. In LT2 and LT3 the variation of 0.2 and 0.1 are considered respectively. As it is obvious from the figures that the minimum values are obtained for a variation of 0.1 (LT3) in all cases. For C-C boundary condition, the deflection parameters are very close to each other but the minimum value is obtained in 24 th generation. For C-F, the minimum value is obtained in 8 th generation and it is obtained in 7 th generation for S-S boundary condition.
CONCLUSIONS
In this study, the stacking sequence of a composite beam is optimized by the use of an evolutionary technique in order to obtain the minimum deflection parameters for various boundary conditions. Unlike the studies with the same layer thicknesses in the literature, the optimization process is carried out with different layer thicknesses. It is obvious from the results that, rather than the layers with the same thicknesses, the minimum values are obtained for different layer thicknesses due to the further number of possible combinations. In further works, the optimization problem can be expanded by taking new design parameters into account including strength, frequency and buckling.
